Background: Many factors contribute to the risk for subsequent anterior cruciate ligament reconstruction (ACLR) within 2 years from the index procedure.
Primary anterior cruciate ligament reconstruction (ACLR) can restore knee stability and improve function after ACL tears. 20 Although the procedure has a high satisfaction rate in the literature, some patients eventually undergo subsequent ACLR procedures, including an ipsilateral or contralateral ACLR surgery. 27 Graft-related factors (eg, type and method of fixation) have been reported as risk factors for subsequent (revision or contralateral) ACLR. 11, 18, 19 Based on previous studies in patients who underwent primary ACLR, the rate of primary ACL graft rupture ranges from 4.4% to 7.7%, whereas the rate of contralateral ACL rupture in those patients falls between 4.4% and 11.8%. 15, 19, 43 However, other variables have also been identified as independent risk factors for revision ACLR, including age, sex, race, body mass index (BMI), activity level, smoking status, and concomitant injury. 1, 4, 19, 23, 24, 26, 41 Revision ACLR results in significantly inferior clinical and patient-reported outcomes compared with primary ACLR. 20, 21, 35, 41, 42 In addition to reporting revision ACLR rates, studies have also reported the risk of contralateral ACLR surgery after primary ACLR. Roughly equal risk of revision and contralateral ACLR has been observed in the literature. 27 The overall incidence rate of a subsequent ACLR procedure was 7.3% in the study by McCarthy et al, 27 with 5.5% being ipsilateral procedures (revision) and 2.2% being contralateral ACLR. Andernord et al 3, 4 reported a 1.6% revision ACLR rate and 3% contralateral ACLR rate at 2 years postoperatively in a group of patients who underwent primary ACLR.
As mentioned, multiple factors have been reported to increase the risk for revision ACLR or injury of the contralateral ACL. 19, 40, 41, 43 Specifically, age has been shown to be a major contributor to revision ACLR rates and to modify the effect of other known risk factors after primary ACLR. 24 The risk factors for contralateral ACLR have not been well studied. With the majority of previous studies focusing on large populations and long-term follow-up, age stratification of patient-specific risk factors for early subsequent (revision or contralateral) ACLR is not well documented.
The purpose of this study was 2-fold: (1) to evaluate the incidence of subsequent (revision or contralateral) ACLR at 2 years in a large cohort and (2) to explore the association between patient-specific factors and early subsequent ACLR risk by age group. Our hypothesis is that 2-year subsequent ACLR rates will be low and that risk factors for subsequent (revision or contralateral) ACLR will vary depending on a patient's age group.
METHODS

Data Source
The California Office of Statewide Health Planning and Development (OSHPD) Ambulatory Surgery Database (ASD) is a publicly available health care data set from all state-licensed ambulatory surgery centers and hospitals licensed for outpatient surgery. The data are maintained and validated by OSHPD and amounted to approximately 130,000 cases per year during the study period. The data include detailed information on demographics, diagnoses, and procedures. Patients can be tracked longitudinally using a unique record linker number, regardless of whether a patient moves within California or sees a different physician. The OSPHD database has previously been used in multiple large-scale orthopaedic studies. 14, 37, 38 Case Selection A search of the OSHPD ASD (years 2005-2014; 2005 is the first year ASD data were available) identified a total of 1,330,417 encounters. Of these, 99,891 had a Current Procedural Terminology (CPT) code for primary, singleligament, unilateral ACLR (29888). Duplicate records were excluded (n ¼ 27). Demographic data collected for each encounter included age, sex, race/ethnicity, and expected source of payment. Encounters were excluded if collected data were incomplete (n ¼ 46). An additional 5710 encounters were excluded because they represented patients with multiple ACLR CPT codes at different time points; in these cases, the encounter data from the initial ACLR were kept. The final number of patients included for analysis in our study was 94,108 ( Figure 1 ).
Outcome of Interest
The primary endpoint of the study was subsequent ACLR within 2 years of primary ACLR. Inherent limitations of the database made it impossible to specify laterality, and therefore, a subsequent ACLR was defined as second ACLR (ipsilateral-revision or contralateral), based on CPT code, within 2 years of the initial reconstruction for a given patient record. We made this assumption based on existing evidence showing that the overall risks of contralateral and ipsilateral ACLR are roughly equal after an index ACLR.
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Variables of Interest
Several patient characteristics were assessed as potential factors influencing the risk of subsequent (revision or contralateral) ACLR, including age at time of primary ACLR, sex, race/ethnicity (white, black, Hispanic, Asian/Pacific Islander, Native American, other, and not reported), and expected source of payment (ie, insurance type). Insurance type was defined as (1) private (preferred provider organization, point-of-service plan, exclusive provider organization, health maintenance organization, and Blue Cross/ Blue Shield), (2) public (Medicare A or B, Medi-Cal), and (3) workers' compensation health claims. Patients with an expected payment source not described by the composite insurance variables were excluded from the multivariable models described later (n ¼ 9038). Analysis was performed in the overall cohort as well as in 4 age groups: <21, 21-30, 31-40, and >40 years of age. Patient age at the time of surgery determined the patient's assignment to one of the age population subgroups. Follow-up time was defined as the time between primary ACLR and subsequent (revision or contralateral) ACLR or end of study period.
Statistical Analysis
Descriptive statistics and incidence of subsequent (revision or contralateral) ACLR estimates at 2 years after primary ACLR are provided for the overall cohort and for each of the 4 age groups. Risk of subsequent (revision or contralateral) ACLR was modeled in each age group using Kaplan-Meier curves and Cox proportional hazard models. Crude and adjusted hazard ratios (HRs) and 95% CIs are reported, using the age group older than 40 years as the reference because this group had the lowest incidence of subsequent surgery. Patient factors (age, sex, race, and insurance type) were deemed clinically relevant potential confounders and were included in the final multivariable model. Additional analysis was performed within each age group to identify age-based risk factors for subsequent (revision or contralateral) ACLR. The covariates described were evaluated as risk factors using Cox proportional hazards models, and HRs and 95% CIs are reported. All statistical analysis was performed using Stata Version 13.0 (IBM Corp). P < .05 was set as the level of significance.
RESULTS
Study Population
Of the 94,108 patients in the study population, the majority were male, white, and privately insured. Table 1 shows detailed participant characteristics in the overall cohort and stratified by age group. In patients who underwent subsequent (revision or contralateral) ACLR, the mean age was 28 ± 12 years, 63% were male, 58% were white, and 82% had private insurance. On average, the time from primary ACLR to subsequent (revision or contralateral) ACLR was 0.97 ± 0.55 years.
Subsequent ACLR Risk
Overall, 2957 (3.1%) patients in the study went on to subsequent (revision or contralateral) ACLR within 2 years. In our age-group analysis (Table 2) , subsequent (revision or contralateral) ACLR was highest in patients younger than 21 years (2.4 procedures per 100 person-years; 95% CI, 2.3-2.6) and lowest in those older than 40 years (1.3 procedures per 100 person-years; 95% CI, 1.2-1.4). After adjusting for sex, race/ethnicity, and insurance type, and compared with patients older than 40 years, patients younger than 21 years were 2.1 times (95% CI, 1.9-2.3; P < .001) more likely to undergo subsequent (revision or contralateral) ACLR at 2 years, and patients age 21 to 30 years were 1.3 times (95% CI, 1.2-1.4; P < .001) more likely to do so. Patients aged 31 to 40 years did not have a significantly different subsequent (revision or contralateral) ACLR risk compared with those older than 40.
Patient-Specific Risk Factors
Patient-specific risk factors for 2-year subsequent (revision or contralateral) ACLR were assessed in the overall cohort and in each of the 4 age groups. A complete list of risk factors is included in Table 3 . Older age at the time of initial ACLR was associated with decreased risk of subsequent (revision or contralateral) ACLR in each age group, with the greatest effect observed in patients younger than 21 years (HR, 0.83; 95% CI, 0.81-0.85; P < .001). Similarly, Hispanic ethnicity compared with white was associated with a decreased subsequent (revision or contralateral) ACLR risk in all age groups, with patients younger than 21 years showing the strongest association (HR, 0.67; 95% CI, 0.57-0.79; P < .001). Black race showed a trend toward a lower subsequent (revision or contralateral) ACLR risk in patients younger than 21 years (HR, 0.78; 95% CI, 0.60-1.00; P ¼ .05). Asian/Pacific Islander ethnicity was associated with a decreased risk of subsequent ACLR compared with white, specifically in age younger than 21 years (HR, 0.76; 95% CI, 0.60-0.98; P ¼ .03) and age older than 40 years (HR, 0.58; 95% CI, 0.38-0.89; P ¼ .01). Native American ethnicity was not associated with subsequent (revision or contralateral) ACLR risk in any analyses. Public insurance compared with private was associated with a decreased subsequent (revision or contralateral) ACLR risk in patients younger than 21 years (HR, 0.70; 95% CI, 0.56-0.88; P ¼ .002) but a greater risk in patients older than 30 years (HR, 1.73; 95% CI, 1.26-2.38; P ¼ .001 for age 31-40 years; HR, 2.06; 95% CI, 1.54-2.75; P < .001 for age >40 years). Workers' compensation was associated with a higher risk of subsequent (revision or contralateral) ACLR in the older age groups (HR, 1.68; 95% CI, 1.34-2.10; P < .001 for age 31-40 years; HR, 1.47; 95% CI, 1.18-1.83; P ¼ .001 for age >40 years) whereas no statistically significant association was observed in the younger groups. Sex was not associated with subsequent (revision or contralateral) ACLR risk in any analysis (overall HR, 1.04; 95% CI, 0.97-1.13; P ¼ .27).
DISCUSSION
This database study evaluated the age-related incidence of early subsequent (revision or contralateral) ACLR and the association between early subsequent ACLR and sex, race, and insurance type. The 2-year subsequent (revision or contralateral) ACLR rates were highest in patients younger than 21 years, and patient-specific risk factors for subsequent ACLR are age-dependent at 2 years. In particular, race was found to be a risk factor for subsequent (revision or contralateral) ACLR in all age groups, and insurance type was a risk factor for patients younger than 21 or older than 30 years. Workers' compensation increased subsequent (revision or contralateral) ACLR risk, except in patients younger than 21 years. Subsequent (revision or contralateral) ACLR at 2 years was associated with younger age in our study. The incidence of subsequent (revision or contralateral) ACLR was the highest in patients younger than 21 years, and within each age group, younger age was associated with a greater likelihood of subsequent ACLR, which has been demonstrated in previous studies. 24 showed a revision rate of 5.3% at 2 years in patients younger than 21 years compared with the Andernord cohort, with a rate of 4.71%. The higher rates of subsequent ACLR in young patients are thought to be due to participation in high-risk athletic activities or poor compliance with postoperative precautions. 6, 8 It should also be noted that patients aged 31 to 40 years did not have an increased risk of subsequent (revision or contralateral) ACLR, suggesting that age older than 30 years may be an important cutoff point with regard to subsequent risk stratification. Taken together, our findings underscore the challenge of caring for younger patients with primary ACLR and emphasize the need for future studies to define an optimal treatment and rehabilitation protocol for this patient population.
Sex was not associated with the risk of early subsequent (revision or contralateral) ACLR in the overall cohort or in any age group. Understanding sex-based differences in subsequent (revision or contralateral) ACLR is of particular importance as several studies have shown increased incidence of primary ACLR in women. 5, 34, 36 In contrast, 64% of the patients who underwent primary ACLR in this cohort were male. Conflicting reports have previously been published on sex as a risk factor for revision ACLR. 4, 7, 18, 24, 26 In a meta-analysis, Ryan et al 32 found no significant difference in ACLR failure risk by sex but acknowledged that additional high-quality studies are needed. Dynamic neuromuscular control of the knee is one factor associated with a higher risk of ACL injury in women, and studies have shown that neuromuscular training reduces the level of ACL injury to that of males. 2, 16, 17 Other factors may play a role in subsequent (revision or contralateral) ACLR rates in male and female populations. Although multiple factors, including differing responses to particular graft types and degree of postoperative laxity in male and female patients, 32 have been postulated to potentially alter subsequent ACLR rates, this is not demonstrated by the results of our data.
Race/ethnicity was a risk factor for subsequent (revision or contralateral) ACLR in our study, which has not been well documented in the literature. We showed that black race (compared with white) was associated with a 22% reduced risk of early subsequent (revision or contralateral) ACLR in the overall cohort and trended toward significance in the age group younger than 21 years. Similarly, Maletis et al 26 reported that black patients were 46% less likely to undergo revision ACLR at 5 years compared with white patients. In a subsequent age-group analysis, Maletis et al 24 found a similar association in patients younger than 21 years, and this group drove the effect observed in the overall cohort. Of note, the 2 studies by Maletis et al 24, 26 were performed using the Kaiser Permanente National Anterior Cruciate Ligament Reconstruction Registry, and access to services or insurance type therefore should not have been different between individuals. Our study did not directly evaluate the interaction between insurance type and race, but when we controlled for insurance type in the adjusted models, black race was still an independent predictor of reduced subsequent (revision or contralateral) ACLR risk in the overall cohort.
A novel finding of our study was the association between Hispanic ethnicity and subsequent (revision or contralateral) ACLR risk. In the adjusted models, Hispanic ethnicity was associated with a significantly decreased subsequent (revision or contralateral) ACLR risk in all age groups. Further, a 30% reduction in subsequent ACLR risk was seen in the group younger than 21 years. Maletis et al 24 reported a similar decrease in revision risk but only in Hispanic individuals aged 31 to 40 years. Although the proportions of Hispanic and white individuals in the 2 studies were similar, the larger population size in the current study may be responsible for the improved detection of this association in other age groups. Although representing a smaller subset of our study population, our analysis revealed a significant decrease in subsequent (revision or contralateral) ACLR risk in Asian patients in both the under-21 and over-40 age groups. To our knowledge, this is the first report of an association between Asian race and subsequent (revision or contralateral) ACLR risk. Race and ethnicity present multifaceted concepts with a high degree of complex interplay of social and biological variables. Further research into subsequent ACLR and race may shed more light on race as a risk factor. Based on these data, there were differences by race. This represents an opportunity for further study.
Previous studies on primary ACLR reported that younger age, lower socioeconomic status, and public insurance are all associated with delays in care and additional surgeries at time of primary reconstruction. 9, 10, 30, 31 In our study, insurance was evaluated as a potential risk factor for subsequent (revision or contralateral) ACLR. We found no difference in subsequent (revision or contralateral) ACLR risk between public and private insurance in the overall cohort. However, patients younger than 21 years and with public insurance (compared with private) were 30% less likely to undergo subsequent ACLR at 2 years. In patients aged 31-40 and >40 years, public insurance was associated with a significantly higher risk of subsequent (revision or contralateral) ACLR. The finding in patients younger than 21 years with public insurance may be related to decreased access to care. In future work, it would be useful to elucidate whether the decreased subsequent ACLR rate in these populations is due to a lower retear rate or less access to care for subsequent (revision or contralateral) ACLR surgery.
Workers' compensation was a risk factor for subsequent (revision or contralateral) ACLR at 2 years and demonstrated age dependence. In patients older than 31 years of age, claiming workers' compensation was associated with a significantly increased risk of subsequent (revision or contralateral) ACLR compared with patients who had private insurance. Workers' compensation was not associated with subsequent (revision or contralateral) ACLR risk in patients younger than 21 years or those 21 to 30 years. Our findings are consistent with previous studies that have shown that workers' compensation status has a detrimental effect on orthopaedic outcomes, 12, 13, 28 particularly for ACL outcomes. 39 The results of the present study are important for physicians to consider when discussing the risks and benefits of surgery in individuals older than 30 years who have a workers' compensation claim.
The main drawback of this study was the inability to lateralize the side of ACLR due to the use of CPT codes, which stems from limitations of the database. Specifically, all second ACLR codes associated with a patient's identification number were recorded as "revision ACLR," which includes ipsilateral (revision) ACLR or contralateral ACLR. As mentioned above, our decision to investigate the risk factors of subsequent ACLR procedure (revision or contralateral) was based on previous studies reporting roughly equal risk of revision and contralateral ACLR after an index ACLR. This, however, compromises the external validity of our results. To overcome similar deficiencies in future studies that use national or international databases to evaluate the risk factors and outcomes of surgical procedures, data mining is absolutely necessary to produce clinically applicable results. In reference to the data set used in this analysis, ACL data registries should include the nature and laterality of subsequent procedures performed to allow for the identification of risk factors and the development of prevention strategies.
Database deficiencies in coding have also demonstrated inherent limitations and error, as described by Sanders et al. 33 Moreover, the OSHPD database lacked many patient-and surgery-specific factors that have previously been related to subsequent (revision or contralateral) ACLR and precluded the analysis of their impact on subsequent ACLR in our cohort. The database was also unable to account for patients who left California during the study period. We noted a decline in reported cases from 2007 to 2014; this is a presumed result of a change in license requirements of ambulatory surgery centers in California in 2007 (Capen v. Shewry, No. C047172 [Cal. Ct. App. Sept. 19, 2007] ). Nonetheless, the case volume remained high, with 7125 reported in the final year of our study. Finally, ACLR was used as the endpoint of our study and cannot account for cases that were treated nonoperatively.
CONCLUSION
Our study found that age younger than 21 years was the biggest risk factor for subsequent (revision or contralateral) ACLR. A lower risk of subsequent (revision or contralateral) ACLR was found in black, Asian, and Hispanic groups compared with white patients in all age groups. In addition, we showed that workers' compensation status is an independent risk factor for subsequent (revision or contralateral) ACLR, but only in older patients. Results of this study may be used to inform clinical decision making and to more appropriately counsel patients undergoing primary ACLR.
